Interrelationships among left ventricular (LV) size, LV function, and heart size were investigated in 49 patients studied 2-12 months after myocardial infarction. LV end-diastolic volume (EDV) and ejection fraction (EF) were determined by biplane ventriculography. Heart size was estimated from chest films by the cardiothoracic ratio (CTR) and cardiac volume (CV) methods. Ventricular function (i.e., EF) was related to chamber size (i.e., EDV), but the correlation coefficient was not high (r = 0.74); thus, chamber size was not an accurate predictor of EF. Because of the close linear relation that exists between LV end-systolic volume and EDV (r = 0.98), a hyperbola describes the relation between EF and EDV. In general, EF was depressed (<0.50) when EDV exceeded 70 ml/m2, was <0.35 when EDV exceeded upper normal limits (110 mI/M2), and was <0.25 with chamber size >150 mI/M2. Thus relatively small chamber size (<150 ml/m2) was associated with a wide range in ventricular function, while large chamber size was associated with severe dysfunction (EF < 0.30). By either heart size method, cardiomegaly (CTR > 0.50 or CV > 540 ml/m') was not found consistently until EDV exceeded 150 ml/m'. Hence normal heart size was often associated with moderate EF depression (0.49-0.30), while cardiomegaly was often associated with severe dysfunction. Clinical heart failure (CHF) was usually accompanied by EF < 0.30, but chamber size ranged from 101 to 331 ml/m2. Primarily because of this variation in chamber size, both normal heart size and cardiomegaly were at times associated with CHF.
associated with a wide range in ventricular function, while large chamber size was associated with severe dysfunction (EF < 0.30). By either heart size method, cardiomegaly (CTR > 0.50 or CV > 540 ml/m') was not found consistently until EDV exceeded 150 ml/m'. Hence normal heart size was often associated with moderate EF depression (0.49-0.30), while cardiomegaly was often associated with severe dysfunction. Clinical heart failure (CHF) was usually accompanied by EF < 0.30, but chamber size ranged from 101 to 331 ml/m2. Primarily because of this variation in chamber size, both normal heart size and cardiomegaly were at times associated with CHF. The poor correlations of EF with CTR (r = -0.43) and CV (r = -0.52) preclude use of the heart size indices as accurate predictors of LV function. When the data were analyzed according to the presence or absence of cardiomegaly, the following generalizations could be made regardless of the heart size method used. Cardiomegaly was a reasonable indicator of postinfarction LV function, being associated with depressed function and often with CHF. However normal heart size was associated with either normal LV function, or commonly, with depressed function, often not clinically apparent.
Additional Indexing Words:
Clinical heart failure Ejection fraction Ventricular volume IT IS WIDELY RECOGNIZED that myocardial infarction involves predominantly the left ventricular (LV) wall and that infarction may produce impairment in LV function and an increase in chamber size. In postinfarction patients the clinician attempts to determine LV size in order to assess the magnitude of myocardial damage and to estimate the degree of functional impairment. A large postinfarction ventricle is thought to be associated with extensive damage and poor function.
Many techniques are available for estimating LV size including the physical examination, chest roentgenography, echocardiography, and angiocardiography. In everyday practice, standard chest roentgenograms are used. Unfortunately, quantitation of LV size from chest films is difficult. The physician commonly describes heart size by the cardiothoracic ratio;' occasionally the cardiac volume method is used.2 In the postinfarction patient, an increase in these heart size indices is thought to represent an increase in LV size.
Little information is available concerning interrelationships among postinfarction LV size, LV function, and heart size. Knowledge of such relationships is important if the physician is to ap-preciate the usefulness and limitations of roentgenographically-determined heart size in assessing postinfaretion LV size and function. Thus heart size, LV chamber size, and LV function data are presented from a group of patients who had sustained myocardial infarction 2-12 months prior to study. Patients who exhibited arterial hypertension or significant valvular disease were excluded from this investigation in order to minimize the number of variables that might affect LV size.
Methods
Records of patients who had cardiac catheterization performed at the University of Alabama Medical Center during a 47-month period were reviewed. Forty-nine patients were identified who had: 1) a documented myocardial infarction that had occurred 2 to 12 months prior to catheterization, 2) a technically satisfactory angiographic study in which it was possible to quantitate left ventricular volumes, 3) technically satisfactory postero-anterior and lateral chest films that were obtained within a week prior to catheterization, and 4) no demonstrable arterial hypertension, congenital heart disease, or significant valvular disease.
The criteria for diagnosis of myocardial infarction were: 1) a typical clinical history for an infarction, 2) a prompt rise and fall of the serum glutamic oxaloacetic transaminase (SGOT), and 3) evolutionary electrocardiographic STsegment changes of myocardial infarction with or without associated Q waves. Seventeen of the patients had been hospitalized in the University Figure 1 The chest films of patient #1. Cardiothoracic ratio was calculated using the maximal cardiac diameter and the maximal intrathoracic diameter, Cardiac volume parameters are: B, from the right cardiophrenic angle to the base of the main pulmonary artery segment; L, from the junction of the right atrium and superior rena cava to the apex; and D, the greatest cardiac diameter on the lateral film.
Circuilation, Volume .50 Autgutst 1974 arteriography was executed by either the Sones's or Judkins' technique. Biplane left ventriculography was accomplished with a filming rate of 6 or 12 frames/sec following injection of 50-75 ml of 76% sodium meglumine diatrizoates into the left ventricular chamber. Ventricular volumes were determined by the Dodge area-length method." Films exposed during a premature ventricular contraction and the beat following were excluded from analysis. Ejection fraction was defined as the ratio of angiographic stroke volume to enddiastolic volume. Ventricular volumes were corrected for body surface area and were expressed in ml/m2.
Statistical analysis was performed with the aid of an International Business Machine 370 computer. When correlations were performed, a linear relation was assumed to exist between the two parameters. On two occasions it was apparent that the relation was not linear: (1) A hyperbolic regression equation was used in the correlation of ejection fraction and end-diastolic volume (EDV). The rationale for using a hyperbola is presented in the Discussion and Appendix. (2) When EDV m-as correlated with heart size indices, it was assumed that EDV increased exponentially with an increase in heart size.
Results
The clinical and laboratory data are recorded in patients who exhibited CHF ( fig. 3 ). In these 18 patients EDV ranged from 101 to 331 ml/m2.
Heart Size
Cardiothoracic ratio (CTR) correlated poorly with cardiac volume (CV) (fig. 4 ). CTR ranged from 0.375 to 0.577, and was >0.50 in nine patients. CV ranged from 304 to 733 ml/m2 and was >540 ml/m2 in 17 patients. Each of the nine patients with CTR > 0.50 had CV > 540 mI/m2. However, eight patients with CV > 540 ml/m2 had CTR : 0.50.
Heart Size and LV Size
The correlation between chamber size (i.e., EDV) and each of the heart size indices was low ( fig. 5 ). Of Heart Size and LV Function Ventricular function (i.e., EF) correlated poorly with each of the heart size indices ( fig. 6 ). EF was depressed in all patients with cardiomegaly, regardless of the heart size method used. CV > 540 ml/m2 identified a larger number of patients with depressed EF (N = 17) than did CTR > 0.50 (N = 9). CV > 540 ml/m2 also identified a larger number of patients with CHF (N = 12) than did CTR > 0.50 (N = 8).
Patients (N = 9) with CTR > 0.50 had a mean value for EF (0.18 + 0.08) significantly lower than for those (N = 40) with CTR 0.50 (0.39 + 0.12) (P < 0.0001). Likewise, patients (N = 17) with CV > 540 had a mean value for EF (0.26 ± 0.12) significantly lower than for those (N = 32) with CV 5 540 ml/m2 (0.40 ± 0.13) (P < 0.001).
Discussion
This study describes interrelationships among postinfarction LV chamber size (i.e., EDV), LV function (i.e., EF), and clinical heart failure. In addition, two heart size indices determined from chest films are individually correlated with the above mentioned parameters.
Ventricular Function and Chamber Size
A hyperbolic relation was found to exist between EF and EDV. In general, the larger the chamber size the greater was the degree of impairment in ventricular function. EF is dependent on both endsystolic volume (ESV) and EDV. A close linear relation was found to exist between ESV and EDV. As detailed in the Appendix, because of this linear relation, a hyperbola describes the relation between EF and EDV. In addition, it should be mentioned that it is also correct to say that EF varies linearly with 1/EDV.
Although EF was related to 1/EDV, the correlation coefficient was not high (r = 0.74). From the data in this study, postinfarction chamber size cannot be considered to be an accurate predictor of ventricular function. We were intrigued that the correlation between EF and 1/EDV (r = 0.74) was much lower than the correlation between ESV and EDV (r = 0.98). Since the relation between EF and 1/EDV is a function of the relation between ESV and EDV, CARDIAC VOLUME mi/mr2 Figure 6 Ejection fraction is correlated with cardiothoracic ratio in (A), and with cardiac volume in (B). Dashed Ejection fraction was usually <0.30 for patients who exhibited clinical heart failure (CHF). This finding is consistent with results from an earlier investigation in which CHF was also defined as the presence of an audible S3 or a history of PND, or both.7 A detailed discussion of why the CHF state as defined in this study should be related to EF is beyond the scope of this communication. Both PND and S3 are probably related to LV events that occur in diastole. In our experience with postinfarction patients, depression in LV systolic function (i.e. EF) is accompanied by a reduction in LV diastolic compliance. 8 Of particular interest was the variation in chamber size in CHF patients, which ranged from 101 to 331 ml/m2. Since cardiomegaly was not consistently present until EDV exceeded 150 ml/m2, both normal heart size and cardiomegaly were at times associated with CHF.
Heart Size Heart size was determined by two separate methods, and the merits of each for describing postinfarction LV size and function were assessed. The cardiac volume (CV) method has been widely used in Scandinavian countries and to a lesser extent in the United States.2 Since this method uses cardiac dimensions from both antero-posterior and lateral films, it might be anticipated that it would be a more sensitive method than the cardiothoracic ratio which uses only a single projection.
The cardiothoracic ratio method was first described by Danzer in 1918.1 In this country it is probably the method most widely used by clinicians, primarily because of its simplicity. As discussed by Oberman, the value of the CTR as an index of heart size has long been disputed.9 In determining the CTR, the location of the internal thoracic diameter that is measured is of particular importance. Danzer stated that he "finally decided on taking the thoracic measurement at its greatest diameter which is usually at the level of the apex or one space lower. " Others have used a fixed thoracic level such as the dome of the right diaphragm or the right costocardiac border.9' ' In the present study the maximal thoracic diameter was used and was found usually to be just above the level of the costophrenic angles. This location has also been employed by Meschan.3
Heart Size and LV Size
The correlation between EDV and each of the heart size indices was poor. Regression equations revealed that, in general, EDV was >125 ml/m2 when CTR exceeded 0.50, and it was >115 ml/m2 when CV exceeded 540 ml/m2. By both methods, cardiomegaly Circrulation, Voluyme 50), August 1974 was not consistently present until EDV exceeded 150 ml/m2. Twelve patients with CV > 540 ml/m2 had EDV between 90-150 ml/m2, while only three patients with CTR > 0.50 had EDV in this range. Thus CV > 540 ml/m2 identified a larger number of patients with relatively small chamber size (<150 ml/M2).
There are a number of reasons why heart size indices might not correlate closely with LV chamber size. The most obvious reason would be that heart size indices contain not only the LV chamber, but also the LV wall and other cardiac chambers. Asymmetry of the left ventricle might also influence the correlation. Additional considerations including patient position, phase of respiration, and the fact that the left ventricle might not be at end-diastole during chest roentgenography have recently been discussed in detail. 10
Heart Size and LV Function
The correlations of EF with CTR and CV were poor. Thus, left ventricular function could not be accurately predicted from either of the heart size indices. The regression equations revealed that, in general, when CTR exceeded 0.50, EF was <0.30; and when CV exceeded 540 ml/m2, EF was <0.33.
When the heart size data were analyzed according to the presence or absence of cardiomegaly, several observations were noteworthy. By either heart size method, patients with cardiomegaly exhibited a mean value for EF that was significantly lower than the value for those with normal heart size. It has long been the general impression of clinicians that postinfarction cardiomegaly may be associated with poorer LV function than normal heart size. To the best of our knowledge, the present study has demonstrated for the first time that this is indeed the case when LV function is expressed in terms of the EF.
Of interest was the finding that each patient with cardiomegaly (by either method) had EF depression. CV > 540 ml/m2 identified a larger number of patients with depressed EF than did CTR > 0.50. Thus CV > 540 ml/m2 was a more sensitive indicator. In addition, CV > 540 ml/m2 identified a larger number of patients with CHF. It is concluded that cardiomegaly (by either method) was a reasonable indicator of postinfarction LV function since it was associated with EF depression and often with CHF.
Normal heart size, however, was associated with normal LV function, or commonly, with depressed function. Often the depressed function was not clinically apparent. The patient whose chest film is shown in figure 1 is one example. Normal heart size was present (CTR = 0.45, CV = 481 ml/m2), CHF was absent, but EF was 0.33.
Several studies have demonstrated that postinfarction cardiomegaly is associated with a poorer prognosis than is normal heart size."-" It is likely that in these reports the patients with cardiomegaly also had, in general, lower EF than the patients with normal heart size. We have recently evaluated a series of cardiomyopathy patients and found that those with EF < 0.20 had a poorer prognosis than those with EF _ 0.20.`Thus EF may also be of prognostic value in postinfarction heart disease, although as far as we know this had not been investigated.
It was of interest that in this study the ECG was not helpful in identifying the eight patients who had EF > 0.50. This was because seven of the eight patients with EF > 0.50 had ECG evidence of previous Q wave infarction, while six of eight patients who had no ECG evidence of Q wave infarction had EF < 0.50. A future report will deal with interrelationships between ventricular volume, location and number of infarctions, and coronary artery lesions.
In conclusion, in this select series of patients evaluated 2-12 months after myocardial infarction, roentgenographic heart size indices correlated poorly with left ventricular EDV The following analysis explains mathematically why a hyperbola describes the relation between left ventricular ejection fraction (EF) and end-diastolic volume (EDV).
The general equation for a linear relation between two variables expressed in slope-intercept form is: y = mx+b (1) where v = the parameter which is represented graphically on the ordinate or v-axis, x the parameter which is represented on the abscissa or x-axis, m the slope of the line, and b = the y-intercept of the line. As shown in figure 2 , the relation between end-systolic volume (ESV) and EDV is linear where: v = ESV, and x EDV.
BY definition:
ED -ESV x-V Equation 5 estimates the behavior of p* as a function ot p and or the means and standard deviations of ESV and EDV. In the present study Q is 1.45. As shown in figure 7 , if the correlation between ESV and EDV had been perfect (e.g., p= 1), then the correlation between EF and 1/EDV would also have been perfect. Slight depression in the ESV-EDV p value (e.g. from 1 to 0.9) produces a relatively large depression in the EF-1/EDV p* value.
